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ANESTHETIC FORMULATION OF 
TUMESCENT SOLUTIONS 

Jeffrey A, Klein, MD 



There is no standard or official recipe for 
the tumescent anesthetic solutions. Hie actual 
concentrations of lidocaine and epinephrine 
should depend on the areas to be treated 
and clinical situation. In this article the word 
dosage implies the total amount of a drug 
given relative to the patient's weight in kilo- 
grams (mg/kg); a dose is a quantity of a medi- 
cine given at one time measured in milli- 
grams (mg). 

The following important concepts and 
warnings must be emphasized in order to 
miriimize the risks of lidocaine toxicity. Safe 
dosages of tumescent (very dilute) lidocaine 
and epinephrine are not the same for "out- 
of-the-bottle" commercial (considerably more 
concentrated) lidocaine. Whereas the safe 
maximum dosage of tumescent lidocaine 
(with epinephrine) at concentrations of be- 
tween 0.05% and 0.1% is between 45 mg/kg 
to 50 mg/kg, the traditional dosage limitation 
for commercial lidocaine (with epinephrine) 
at concentrations of 0.5%, 1%, or 2% remains 
valid at 7 mg/kg. All physicians should be 
extremely careful to recognize this vital dis- 
tinction, 

MAXIMUM' SAFE DOSAGE 

The recommended maximum dosage of li- 
docaine is 45 mg/kg in relatively thin pa- 
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tients and 50 mg/kg for obese patients., I 
avoid using more than 55 mg/kg of lidocaine. 
At dosages of 50 mg/kg to 55 mg/kg of tu- 
mescent lidocaine there are occasional pa- 
tients who experience nausea and vomiting 
approximately 12 hours after the tumescent 
infiltration; in these patients, whenever: : the. 
plasma lidocaine concentration has been mea- 
sured, it has never exceeded of 3.5 jig /ml. To 
minimize the risk; of this worrisome symp- 
tom, it is preferable not to exceed 45 mg/ 
kg of tumescent lidocaine. Furthermore,. :fe 
surgeon must not forget that these: dosage 
limitations assume that there are no drug in- 
teractions and no unimpaired ftmction of he- 
patic cytochrome P450 3A4; 

Signed Written Orders 

It is absolutely essential that the surgeon 
provide explicit written orders for the formu- 
lation of the tumescent local anesthetic solu- 
tion. It should be standard policy that no 
solutions are to be mixed unless the surgeon 
has signed the orders and the orders are on 
the patient's chart. All orders for tumescent 
anesthesia should include documentation of 
the patient's weight in kilograms, the: maxi- 
mum desired dosage expressed in rnilligrams 
per 1 kilogram (mg/kg), and the exact amount 
of each drug to be included in the tumescent 
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solution expressed in milligrams per liter 
(mg/L) or milliequivalents per liter (mSq/LJ. 

Know the Correct Dosage to Give 

"Fhe surgeon, anesthesiologist, and nurses 
must always be aware of the patient s final 
total milligram dose (mg) and the milligram 
per kilogram dosage (mg/kg). For each pa- 
tient, the surgeon's orders must also explicitly 
state the surgeon's determination of the maxi- 
mum safe dosage of tumescent lidocaine m 
terms of milligram of lidocaine per kilogram 
of patient weight (mg/kg). I am aware of at 
least 3 cases where surgeons were charged, 
but not convicted, with criminal negligence 
because of apparent errors in lidocaine dos- 
ing. 

Specify the Dosage in "Terms of 
Milligrams 

The orders for formulating *e. solution of 
locadi "anesthesia for: the 1 tumescent technique 
should specifv the exact total: milligrams, of 
lidocaine and epinephrine, and the millieqiu- 
valents of sodium bicarbonate per liter of tu- 
mescent solvent (mg/L and mEq/L). The or- 
ders should not be given in terms ot 
milliliters of 1% lidocaine per liter of solution 
t(mL/L)(10 mg/mL)]; to do so increases the 
risk of inadvertent dosing errors, It is much 
easier to determine the milligram per kilo- 
gram (mg/kg) dosage of lidocaine when the 
concentration of lidocaine in each liter is spec- 
ified in terms of milligrams per liter (mg/L). 



Use Only 1% Lidocaine: 

It is preferable mat a surgeon's formulary 
onlv stock 1% lidocaine commercial vials or 
lidocaine. The 1 risk of an inadvertent overdose 
is vastly increased when 2% vials of lidocaine 
are available. 1 know of more than, one inci- 
dent where a patient received douole the in- 
tended dose of lidocaine when the order was 
o-fven in terms or volume of out-of-the-Dottle 
commercial lidocaine and a '2% lidocaine sr> 
h,tion was used instead of the intended 1% 
solution. Although these? cases; did not lesutt 
in- serious toxicity, each inadent of incorrect 
dosage represents a potenhal disaster. Epr- 
dtirair anesthesia may require the use of Afc 



lidocaine, but there are no dermatologic sur- 
gical procedures that cannot be accomplished 
with 1% lidocaine; or a more dilute lidocaine: 
solution. 



Licenced Medical Personnel Prepare 
the Solution 

It is critical that only well-trained personnel 
do the actual preparation (i.e., the mixing of 
the ingredients for the tumescent solution). 
Surgical operating room technicians or medi- 
cal assistants are usually not licenced to pre- 
Dare or administer drugs and anesthetics. Un- 
licenced personnel are more likely to make 
errors in the interpretation of anesthetic or- 
ders or the actual mixture of the tumescent 
anesthetic solution. The actual mixing of the 
tumescent local anesthetic solution requires 
the immediate "eyes-on or hands-on" super- 
vision of licenced medical personnel. 



Preparation at the Time of Surgery 

In Qrder to avoid medication errors, it is 
probably safer to prepare the 'tumescent anes- 
thetic solution in the operating room at the 
time of surgery. Preparing the tumescent an- 
esthetic solution in large batches, and far m 
advance of the individual surgery, may in- 
crease the risk of unrecognized contamination 
or inadvertent dosage errors. Concerns about 
safety, in particular the a voidance of unantici- 
pated mix-ups, ■ -would appear to outweigh the 
possible convenience of preparing tumescent 
solutions intended for multiple patients far m 
advance of the- time of surgery. Fromo&us 
perspective, any questions about the shelf- 
life" of tumescent anesthetic solutions appear 
irrelevant. 



Save Ail Empty Lidocaine Bottles 

All empty vials of lidocaine and all empty 
vials of epinephrine should be temporarily 
saved until the surgical procedure is com- 
pleted. This precautionary strategy or plan of 
action will enable anyone to double-check the 
total lidocaine or epinephrine dosage, li there 
is a discrepancy between an intended dosage 
and the number of empty vials of lidocaine 
or epinephrine then all of tine remaining tu- 
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• rnescent anesthetic mixtures must be dis- 
carded and new mixtures: prepared. 



Avoid Postoperative Sedatives 

The postoperative use of diazepam during 
the immediate 24 hours after tumescent lipo- 
suction is relatively contraindicated. Diaze- 
pam or other sedatives may actually increase 
the risk of lidocaine toxicity by inhibiting cy- 
tochrome P450 3A4, or by impairing ventila- 
tion and producing respiratory acidosis. 



Normal Saline is the Preferred 
Tumescent Solvent 

As discussed below, normal saline (NS), 
also known as physiologic saline or 0.9% so- 
dium chloride, is the preferred solvent for 
dilute' solutions' of local anesthetics intended 
for delivery by the tumescent technique. 
There may be an increased risk of intracellu- 
lar edema associated with LR when the total 
volume of tumescent solution is excessive, 
•and: especially when at tumescent infiltration 
is accompanied with the adm.inistration of 
IV. crystalloid solutions. This is discussed in 
greater detail later in this article. 



Anesthesiologist and Surgeon Share 
Responsibilities 

The safety of a surgical patient is ultimately 
the responsibility of all physicians, surgeons, 
and anesthesiologists in the operating room. 
When an anesthesiologist is providing sys- 
temic anesthesia, the anesthesiologist must be 
completely informed about and concur with 
the total ; dosage of tumescent lidocaine. An 
anesthesiologist who is not cognizant of the 
lidocaine dosage (mg/kg.) nor. the volume of 
subcutaneously infiltrated tumescent fluid 
may be unable to avoid adverse drug-interac- 
tions or systemic fluid overload. JWiien pro- 
viding anesthesia for tumescent liposuction, 
any anesthesiologist who is unfamiliar with 
the pharmacology and pathophysiology of tu- 
mescent liposuction is not in compliance with 
the standards of the American Society of An- 
esthesiologists." 



ASSIDUOUS RECORDS 

It is absolutely essential that the surgeon 
insist that the surgical staff assiduously main- 
tain complete, legible records that document 
the total milligram dosage and concentration 
of local anesthetic ingredients in each liter of 
tumescent solution. The important ingredi- 
ents include lidocaine, epinephrine, and so- 
dium bicarbonate. 

Traditionally, physicians have only used 
relatively small dosages of subcutaneous local 
anesthetics. In fact, very few medical students 
or surgical residents have ever trained to doc- 
ument or record the exact amount of local 
anesthetic used. Specific and precise preoper- 
ative orders for subcutaneous infiltration local 
anesthesia are rarely recorded. Now with in- 
creased use of relatively high dosages of lido- 
caine employed with tumescent anesthesia, 
many surgeons continue to have a casual, 
nonrigorous approach to documentation of 
local anesthesia dosages. 

Sloppy records are dangerous; below the 
standard of care, and often considered tanta- 
mount to malpractice. Careless anesthesia 
records combined with a patient death may 
result in a prosecution for criminal negli- 
gence. There have been at least two such: 
cases where the surgeon's notes did. not accu- 
rately or unambiguously document the total 
dosage of lidocaine; in both cases 'the patients 
died after receiving general anesthesia plus 
tumescent local anesthesia, which .was inofc 
well documented. One case: involved .inhala- 
tional general anesthesia, and the other pro- 
pofol. Although both cases resulted in 
charges of criminal, negligence, neither re> 
suited in' a conviction. Criminal negligence is 
not covered by malpractice insurance, and a 
conviction can involve time in prison. 



LIDOCAINE/EPINEPHRINE 
CONCENTRATIONS 

The .concentration of lidocaine and epi- 
nephrine in an anesthetic solution should 
vary according to the clinical requirements. 
There is no "correct-' or sanctioned concentra- 
tion of lidocaine or epinephrine for tumescent 
local anesthesia. The recommendations in this 
article with respect to the concentration of 
tumescent lidocaine for liposuction of; various 
areas of the body has been developed empiri- 
cally" Years of experience and careful observa- 
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tion have helped define an estimate of the 
optimal concentrations. The goal is to deter- 
mine the minimal concentration for each com- 
ponent of the anesthetic solution that consis- 
tently permits painless liposuction. Areas that 
are especially fibrous, such as the upper abdo- 
men, breast, and back, also tend to be associ- 
ated with increased surgical bleeding. The 
more fibrous areas tend to require a higher 
concentrations of lidocaine and epinephrine. 
Less fibrous and less sensitive areas require 
lower concentrations. Recommended concen- 
trations are simply guidelines and are always 
subject to modification (Table 1). 

The use of smaller cannulas is associated 
with less discomfort and a smaller probability 
of encountering an area of painful liposuc- 
tion. Therefore, the use of smaller cannulas 
allows the use of lower drug concentrations. 
The use of a careful deliberate surgical tech- 
nique that initiates liposuction using the 
smallest cannulas and then increases cannula 
size sequentially causes less discomfort than 
beginning liposuction with relatively large 
cannulas. 

If several areas are treated by liposuction 
on the same day, then the surgeon might be 
constrained to use the lowest concentrations 
to avoid exceeding the maximal safe dosage 
limits (mg/kg). 



Epinephrine in Tumescent Anesthetic 
Formulation 

Epinephrine, a hormone derived from the 
adrenal medulla, is also known as adrenaline. 
Pharmacologically it acts as both an alpha. 



and a beta agonist. Therefore, epinephrine 
causes both an increased heart rate, and pe- 
ripheral vasoconstriction and increased blood 
pressure. More importantly for tumescent an- 
esthesia, epinephrine is a potent capillary va- 
soconstrictor that accounts for the dramatic 
hemostasis associated with the tumescent 
technique. 

Epinephrine and Tachycardia 

It is not uncommon for patients to give a; 
history of some type of adverse reaction to 
epinephrine. Typically 1 this history derives 
from an unpleasant experience; with dental 
anesthesia in which the patient experienced 
the predicable pharmacologic effects of rapid 
systemic absorption. The injection of a drug 
into the highly vascular oral (periodontal, 
gingival, or buccal) mucosa is more likely to 
produce a rapid systemic absorption com- 
pared to an mjectionmto. less vascular^ 
Rapid absorption is a pharmacologic phe- 
nomenon, it is; not an allergic reaction. Rapid 
^absorption of epinephrine can be expected to 
produce a relative tachycardia, tremors, and 
anxiety; Patients who have experienced tachy- 
cardia" because of rapid absorption of epi- 
nephrine following dental, anesthesia do: not, 
in my experience, have a similar reaction with, 
tumescent anesthesia for liposuction. 

Liposuction surgeons should be cautious of 
patients who have a confusing history of an 
adverse reaction to epinephrine. Patients who 
are taking ■ pseudoephe.drine for nasal decon- 
gestion, or who are taking, "health-food" 
supplements': that contain ephedringdike 



Table 1. RECOMMENDED CONCENTRATIONS: FOR EFFECTIVE TUMESCENT ANESTHESIA FOR LIPOSUCTION 



Areas 


Lidocaine (rng/L) 


Epinephrine (mg/L) 


Sodium Bicarbonate {mEq/L) 


Basic / Checking 


500 


0.5 


10 
10 


Hips 


700 to 750 


0.65. 


Lateral Thighs 


n 


#! 


M 


Medial Thighs 




a 




Anterior Thighs 


». 






Knees 








Back 


looo; 


0.65 to 1.0 


10 


Male Flanks 








Arms 


i 


it 


Female Abdomen 


1000 to 1250 


1.0 


10 


Male Abdomen 


1250 


1.0 


10 


Male Breasts 






10 


: Female Breasts 


1500 


1.5 


Chin/Cheek/Jowis 








• COi Laser Facial Resurfacing 600 rag/250 mt.. 


1 mg/250 iivL 


5 mEq/25'3 cat 
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chemicals are predisposed to epmephrine-as- 
sociated tachycardias. It is possible that the 
patient has an undiagnosed primary cardiac 
arrhythmia, an occult cardiac valvular disease 
with intermittent tachycardia, or a subclinical 
metabolic disorder such as hyperthyroidism, 
carcinoid, or pheochromocytoma. If there is a 
significant doubt in this regard, then one 
might consider an internal medicine consulta- 
tion. 

If the patient's history is clearly consistent 
with a rapid absorption of epinephrine and 
the consequent pharmacologic response with 
tachycardia, then tumescent liposuction prob- 
ably poses a minimal risk. Nevertheless, ini- 
tially it would be prudent to limit the amount 
of liposuction to relatively small volumes. 
Once the first procedure has been completed 
without evidence of tachycardia, tremor, or 
an anxiety reaction then one can proceed on 
a subsequent day with a standard dosage of 
epinephrine for tumescent anesthesia. The 
routine use of clonidine, 0.1 mg given preop- 
erative!}' to patients who do not already have 
preoperative bradycardia or hypotension, has 
greatly reduced the incidence of intraopera- 
tive and postoperative tachycardia with tu- 
mescent local anesthesia. 



Regional Variation of Epinephrine 
Concentration 



jCTIOH 



One can vary the concentration of epineph- 
rine depending on the particular area that is 
being targeted for tumescent liposuction. In 
areas that tend to be associated with in- 
creased intraoperative bleeding, such as the 
upper abdomen, the back/ flank areas, and 
especially fibrous areas of fat, it is reasonable 
to use 1 mg of epmephrine per liter of tumes- 
cent anesthetic solution. For other areas, an 
epinephrine concentration of 0.65 mg of epi- 
nephrine per liter is sufficient. 



Adverse Drug Interactions with 
Epinephrine 

Beta-blockers and epinephrine are said to 
pose a potential for an adverse interaction by 
the selective blocking of the beta-adrenergic 
receptors and permitting unopposed epi- 
nephrine stimulation of alpha-adrenergic re- 
ceptors. Theoretically the alpha-adrenergic 
vaso-motor sympathomimetic stimulation 
will increase peripheral vascular resistance 



and precipitate hypertensive crisis and its se- 
quelae. There is little doubt that adverse inter- 
actions between epinephrine and beta-block- 
ers can cause significant problems. The 
determining factor seems to be the rate of 
epinephrine absorption into the systemic cir- 
culation. 

Rapid absorption of a subcutaneous injec- 
tion of epinephrine can occur in at least two 
common clinical settings: when a relatively 
high concentration of epmephrine (1:1000) is 
injected subcutaneously to treat a suspected 
allergic reaction or when epinephrine 
(1:100,000) is injected into relatively highly 
vascular tissue such as the buccal mucosa for 
local anesthesia in dentistry, ocular mucosa 
with blepharoplasty, or a regional nerve 
block. A rapid absorption of subcutaneous 
epinephrine is more likely to result in a toxic 
reaction than when the epinephrine is ab- 
sorbed much more slowly. 

When epinephrine is injected subcutane- 
ously there is a. 5- to 15-rrtinute delay before 
the onset of maximum cutaneous blanching 
and vasoconstriction. Therefore, within the 
first few minutes following a subcutaneous 
injection, a significant amount of epmephrine 
can reach the systemic circulation and precip- 
itate an abrupt hypertensive drug Mtetaction 
with secondary bradycardia. There is a report 
of . six cases where lidocaine and epmephrine 
was injected subcutaneously for vasoconstric- 
tion prior to blepharoplasty (eyelid surgery) 
and resulted in a rapid onset of malignant 
hypertension and severe bradycardia. 3 One 
case concerned a patient who was given 0.3 
mg of epinephrine subcutaneously to treat a 
suspected allergic reaction and rapidly devel- 
oped hypertension and bradycardia. 4 Another 
report documented chest pain in four patients 
on propranolol following a subcutaneous in- 
jection of 0.4 to 0.5 mg of epinephrine. 15 There 
are also reports of severe hypertension in pa- 
tients taking propranolol following an IV in- 
fusion of epinephrine. 5 ' 12 

In contrast, when epinephrine (1:100,000) is 
injected subcutaneously into tissue having a 
relatively low vascularity, absorption is 
slower and the incidence, is greatly reduced if 
not entirely avoided. A prospective study of 
patients undergoing Mohs' micrographic sur- 
gery for skin cancers by local anesthesia with 
lidocaine and epinephririe compared TO pa- 
tients taking propranolol and 10 patients 
without propranolol. Although there was no 
hypertension in either group, the: "nonpros 
pranolol. group" had a ; slightly decreased 
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blood pressure compared to the propranolol 
group, 2 

Extensive experience With tumescent lipo- 
suction and the concomitant use of beta- * 
blockers has revealed no evidence of hyper- 
tension. This apparent, lack of any adverse 
interaction between extremely dilute tumes- 
cent epinephrine injected subcutaneously in 
patients taking beta-blocking drugs might be 
explained by the exceptionally slow absorp- 
tion of epmephrine delivered by the tumes- 
cent technique, . 

The route of drug deliver}* and the rate ot 
drug absorption are decisive factors in de- 
termining; the relative risk of toxicity. With 
the slow systemic absorption of epineplirine 
associated with the tumescent technique, ■ the 
risk of an adverse interaction between epi- 
nephrine and beta-blockers is small. Among 
my patients who were taking beta-blockers, 
careful blood pressure monitoring has shown 
no evidence of postoperative hypertension. 
Nevertheless, this : experience is not proof that 
ther<? : is no risk of an adverse interaction, of 
tumescent anesthesia and. beta-blockers. 

It is, Often preferable that patients who are 
being: treated with nonselective beta-blockers 
for hypertension or migraine headaches be 
maintained: on these medications. A cautious 
approach to such patients is to limit the num- 
ber of areas that will treated and the total 
dosage of epineplirine that will given during 
any single session of tumescent, liposuction. 

When using a local anesthetic that contains 
epmephrine, caution is always necessary. In 
spontaneously hypertensive rats pretreated 
with a cafdioseleCtive beta-blocker there is no 
problem after an intraperitoneal (IP) dosage 
of epinephrine; however, pretreatment with a 
noncardio-selecrive beta-blocker and IP epi- 
nephrine produced systemic vasoconstriction 
and pulmonary congestion." 

SHELF LIFE OF TUMESCENT 
ANESTHETIC SOLUTION 

The United States Food and Drug Admihis- 
tration (FDA)' requires that manufactures;; of 
0.9% sodium chloride, and ;LR provide infor- 
mation that states, "When mtrpducing addi- 
tives, use aseptic techniques. Mi>C thoroughly 
Do not store." 

It is safer to prepare the tumescent anesthe- 
tic solution on the day of surgery in the op- 
erating room. Medicolegd.:0jn»detati«?f^ -fe- 
ver the use of anesthetic solutions: that are: 



freshly prepared in the opera ting room imme- 
diately before surgery. It would be difficult to 
defend the use of a: "stale" solution in the. 
face of a; complication attributable to pharma- 
cologic mstability or bacterial; contamination. 

An error in the preparation of the. tumes- 
cent anesthetic solution is. more easily de- 
tected if the anesthetic is mixed immediately 
before or dming the surgery. By saving the 
empty bottles of lidocaine and empty vials of 
epinephrine, the total dosage of these drugs 
can be double-checked simply by counting 
the empty containers. If tumescent anesthetic 
solution 'is prepared a day or more in ad- 
vance, or outside of the operating room, then 
an inadvertent overdose of lidocaine might 
not be detected. 

The efficacy of a tumescent anesthetic solu- 
tion is not maximal when mixed several days 
in advance of a surgery. The shelf-life varies 
as . a function of pH, temperature, and the 
concentration of other solutes. In particular, 
the vasoconstrictive properties of epinephrine 
are not stable at a pH s 5. There is a greater:; 
risk that lidocaine might precipitate from; an: 
older solution or from a solution With a 
higher pH. If a liter bag of tumescent anesthe- 
tic solution has been prepared days in ad- 
vance, one cannot always be ' certain.; that it: 
has been properly stored. 



NEVER ADD SODIUM BICARBONATE 
TO BUP1VACAINE 

Bupivacaine is a larger and less soluble 
molecule thaniidocaine. For example, adding 
5 mEq of sodium bicarbonate to 50 ml of 
bupivacaine (0.75%) will result in the immedi- 
ate precipitation of the bupivacaine. Injecting 
such a suspension intradermally or subcuta- 
neously has caused full-thickness dermal ne- 
crosis:. 



TRIAMCINOLONE IS NOT 
NECESSARY 

Once, the addition, of triamcinolone (10 
mg/L) was considered beneficial in reducing 
the incidence of focal postliposuction subcu- 
taneous inflammation.* In the early days of 
my experience with tumescent liposuction ap- 
proximately 2to4% of patients would present 
locally tender pink, warm, sterile subcutane- 
ous nodules that did not respond to antibiot- 
ics. When peculiar "postliposuction pannicu- 



ANESTHETIC FORMULATION OF TUMESCENT SOLUTIONS 



757 




litis" was treated with a course: of oral 
antibiotics prednisone (10 mg/day)> however/: 
the condition would improve dramatically 
within 24 to 48 hours. By a process of induc- 
tion, it was concluded that induding triam- 
cinolone in the anesthetic solution might pre- 
vent "postliposuction panniculitis;" In fact, 
the addition of triamcinolone seemed to re- 
duce the incidence of this focal inflammation. 

TUMESCENT SOLVENTS AND FLUID 
HOMEOSTASIS 

The choice of which solvent to add the 
lidocaine and epinephrine to is an important 
aspect of the tumescent technique. It seems 
self-evident that the solvent should be iso- 
tonic and the pH nearly physiologic. Within 
the realm of safe conservative liposuction, 
there is probably no significant difference be- 
tween NS and LR solution in terms of safety 
or efficacy; however, for excessively large vol- 
ume liposuction procedures, the differences 
in formulation might have clinical relevance. 

First, there are no published studies of the 
pharmacokinetics of parenteral (subcutane- 
ous infiltration or intravenous infusion) ad- 
ministration of more than 6 L of NS or LR 
in the setting of tumescent liposuction. The 
opinions of "experts" on the subject of fluid 
and electrolyte homeostasis in liposuction are 
substantiated by little more than anecdotal 
experience or dubious clinical dogma. 

The effect of tumescent infiltration of 5 L 
of solution in one patient was closely studied 
on two different occasions. On the first occa- 
sion there was no liposuction, after the infil- 
tration. Two weeks later, the second infiltra- 
tion was followed by liposuction of 1.5 L of 
supranatant fat. s The published results 
showed that, with or without liposuction, the 
urine specific gravity decreased and the urine, 
output was greater than 70 mL per hour, both 
of which indicate that there is no IV fluid 
deficit. Therefore, IV fluids were not neces- 
sary for tumescent liposuction of 1.5 L of 
supranatant fat. In my personal experience, 
liposuction of up to 4 L of supranatant fat in 
moderately obese females does not require TV 
fluids. This assumes that the patients are fully 
alert and can take oral fluids whenever they 
arc thirsty, 

NORMAL SALINE 

The most common lidocaine solvent for the 
tumescent teclmique is isotonic: physiologic 



saline (0.9% NaCl), also known as normal 
saline (NS). NS, as defined by the United 
States Pharmacopeia, contains 154 mEq/L of 
both sodium and chloride. Plasma contains 
142 mEq Na/L. Typically, sodium bicarbonate 
(NaHC0 3 ) 10 mEq/L is added to the lido- 
caine solution in order to neutralize the pH 
and therefore reduce the stinging pain that 
otherwise occurs when acidic commercial li- 
docaine is infiltrated subcutaneously in an 
alert and fully conscious patient. Therefore, a 
liter of tumescent solvent will contain 164 
mEq of sodium. 



LACTATED RINGER'S SOLUTION 

A tumescent anesthetic solution without 
sodium bicarbonate (10 mEq NaHC0 3 /L) is 
needlessly painful upon infiltration in an 
awake patient. The addition of a sufficient 
amount of NaHC0 3 in order to neutralize the 
pH of an acidic solution of local anesthetic, 
"takes the sting out" of the local anesthetic 
when it is infiltrated. 

When either LR or NS is the solvent for a 
tumescent solution of lidocaine and epineph- 
rine, the discomfort upon tumescent infiltra- 
tion is much less after the addition of 10 mEq 
NaHCOj/L to the solution. Therefore the ad- 
dition of bicarbonate is necessary for painless 
infiltration. 

LR solution (USP) contains 130 mEq/L of 
sodium, 109 mEq/L of chlorine, 29 m£q/L of 
lactate, 4 mEq/L of potassium, and 2.7 mEq/ 
L of calcium. The average adult produces 
1,200 to 1,500 mmol of lactate per day, or 
approximately 50 to 60 mmol/hour. 55 The 
liver metabolizes about 60% of this and the 
kidney metabolizes or excretes the remaining 
40%. The liver and kidney can accommodate 
large lactate infusions without immediate det- 
riment. Large dosages of LR solution, con- 
taining 29 mEq/L of lactate, will produce a 
delayed iatrogenic metabolic alkalosis. 

LR has been associated with perioperative 
complications. Hemodilution associated with 
LR solution during surgery may predispose 
to deep vein thrombosis. 4 

The administration of sodium lactate 
(NaHC0 3 ) in LR solution can cause alkalosis 
as well as exacerbate preexisting alkalosis. 
Lactate is metabolized in the liver faster than 
the kidneys can excrete sodium. The resulting 
anion deficiency is compensated by an in- 
creased production of HCCV , and an alkalo- 
sis occurs. Alkalosis may cause cardiac ar- 
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rhythmias. 13 Alkalosis reduces the effects of 
vagal stimulation and reduces the level of 
bradycardia that might result from any given 
stimulus. Metabolic alkalosis causes an in- 
creased oxygen requirement, and will exacer- 
bate cardiac arrhythmias owing to hypoxia or 
hypokalemia. In alkalotic patients NS should 
be used for the same indications that LR 
would be used. 



THE DOGMA OF LACTATED 
RINGER'S SOLUTION 

Some surgeons prefer to use LR solution 
as the solvent for their tumescent lidocaine 
solutions, purportedly because of LRs "so- 
dium sparing effect", or because LR is "more 
physiologic" than NS. 

Many if not most surgeons have Utile un- 
derstanding of the reasons for including lac- 
Tatejiri :LR^:(Hartmann's) solution. Further- 
more, standard surgical textbooks provide 
little information to substantiate the tradi- 
tional; preference that surgeons have for the 
use of LR solution. 10 

The lactate in -LR solution is principally 
intended to produce, a gradual reduction of 
metabolic acidosis. In healthy patients, if 
there is no acidosis present, then the excess 
bicarbonate/will produce a transient mild 
metabolic alkalosis, which, is promptly cor- 
rected by renal bicarbonate excretion. Patients 
who are: critically ill because of illness or 
trauma, however, may be obligate excreters 
qf acid Urine, and be unable to excrete 1 the 
bicarbonate load associated with LR solution, 
which in turn may cause metabolic alkalosis 
and produce renal potassium loss. 1 

Because the body contains a huge supply 
of intracellular potassium as well as the po- 
tassium in the extracellular fluid, physiologic 
saline is quite sufficient for the clinical re- 
placement of mtravascular fluids with., crys- 
talloid solutions. Transfusion with blood 
products becomes necessary long before there 
might be any risk of a potassium deficit as 
the result of 'using: D.9% NaCl instead of LR 
solution 



CHLORIDE LOAD 

The rapid expansion of the extracellular 
fluid (ECF) volume with fluids that do not 
contain HCCV will produce to a temporary 
mild dilutional reduction of [HCCV] in the 



ECF as a result of excessive CI" anions in the 
ECF. 14 For example, a rapid infusion of NS 
will produce a relatively mild hypercholere- 
mia that produces a compensatory shift of 
extracellular HCCV into intracellular space. 
This type of normal-anion-gap acidosis is 
mild and rapidly corrected by both respira- 
tory compensation and by the kidneys, which 
excrete NH/ and CI". The kidneys, filter 4000 
mxnol of HCCV per day, most of which is 
resorbed, 80% in the proximal tubules and 
20% in the distal tubules. Because NS is not 
buffered and does not contain a net excess of 
H* ions, this mild transient hypercholoremic 
acidosis does not produce a total body sys- 
temic acidosis. 



SODIUM LOAD 

Sodium ions are, to a considerable degree, 
excluded from the intracellular space by the 
Na*-K!'" transmembrane pump. An excessive 
amount of total body sodium produces an 
osmotic pressure gradient that pulls water 
across cell membranes and increases the ex- 
tracellular fluid volume. Additionally,, lit? 
gested free water is retained ..■in the ECF by 
the extra sodium. In progressive degrees, ex- 
tracellular fluid overload is manifested by pe- 
ripheral dependent interstitial edema, then 
intravascular fluid overload with incipient 
congestive heart failure, and in the. extreme, 
pulmonary edema. Based on this observation, 
some surgeons have proposed the use of LR 
solution with its lower sodium content (130 
mEq/L of Na) instead, of NS (154 mEq/L of 
Na) as the solvent for tumescent lidocaine 
solutions. The use of LR is of no benefit ex- 
cept for tumescent fnfiltratiori of greater than 
10. to 12 L of anesthetic solution. 

From our memory of basic chemistry,, we 
know that the molecular weight of of sodium 
chloride (NaCl) is 58.5 g/'mol, and that of 
sodium (Na) is 22.9 g/mol. By definition, one 
mole of a substance contains an Avogadro's 
number, of units. The weight of one mole of 
Nad is its molecular weight. 

The molarity of a solute is defined as the 
number of moles of a solute per liter of sol- 
vent A liter of water is approximately one 
kilogram: depending on the temperature of 
the water. Normal salme consists of a 0.9% 
.solution of NaCl = 0.9 g NaCl per 100 mL 
== 9 g of NaCi per liter. The molarity of NS 
is therefore (9 g of NaCl/ L of H 2 0) (mole of 
NaCl/58.5 g of NaCl) - 0.154 mol of NaCl/' 
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L = 154 mmol of NaCl/L = 154 mEq Na + / 
L. Therefore, one liter of tumescent solvent 
(normal saline plus 10 mEq of sodium per 
liter in the form of sodium bicarbonate 
(NaHC0 3 ) contains approximately 164 mEq 
of Na* per liter. 

A liter of NS with sodium bicarbonate and 
a liter of LR differ in sodium content by 34 
m£q/L (164 mEq/L - 130 mEq/L). This dif- 
ference is clinically insignificant for routine 
tumescent mfiltration of an average of less 
than 5 to 7 L of tumescent subcutaneous fluid. 
The interval of time required for systemic 
absorption of this volume of tumescent fluid 
is approximately 24 to 36 hours, however, 
5 L of tumescent solvent (NS with 10 mEq 
NaHC0 3 ) exceeds the amount of sodium in 5 
L of LR by 170 mEq of sodium ion = 170 
mmol of NaCl = 0.17 mol NaCl = (0.17 mol) 
(58.5 g NaCl/mol) = 9.95 g of NaCl. To put 
this in perspective, a 1-lb (450 mg) bag of 
pretzels contains approximately 9 g of so- 
dium chloride. Therefore, LR does have some 
sodium sparing effect, but this is only sig- 
nificant in the range of excessively aggressive 
tumescent liposuction that infiltrates more 
than 10 to 12 L of tumescent solution. 

The difference between NS and LR should 
be of little concern for a surgeon who is pri- 
marily concerned with patient safety. Prob- 
lems with fluid overload are easily avoided 
by-cnot attempting huge-volume liposuction 
in a ; single surgical procedure. A large volume 
of aspirated fat removed by serial liposuc- 
tions is far safer than a single surgery at- 
tempting to do it all at once. 
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I, Mark L. Jewell, declare: 

1 . A declaration of mine (the previous declaration) was submitted to the United 
States Patent and Trademark Office (USPTO) on February 22, 201 1 in U.S. Patent Application 
Serial No. 10/600,1 1 8 (the present application) identified above. The previous declaration was 
submitted to provide objective evidence of nonobviousness for the invention claimed in the 
present application. 

2. I am aware that the present application is currently rejected by the USPTO, and 
that the Examiner indicated in the latest office action that the previous declaration did not 
include enough information to establish that previously available devices did not satisfy the long 
felt need of delivering fluid rapidly and accurately to fill breast implants and sizers. 



Dear Sir: 
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3. I reaffirm the statements that I made in the previous declaration. This Second 
Supplemental Declaration is being submitted to supplement the previous declaration, and in 
particular to provide facts regarding the deficiencies of prior devices used to deliver fluids for 
fiUing breast implants or sizers. 

4. As indicated in paragraphs 8 and 9 of the previous declaration it is my 
understanding that the invention claimed in the present application is embodied in a precision 
fluid management system (PFMS) sold as part of Sound Surgical' s VASER system, which I have 
used since its initial release. 

5. I reiterate my statement from paragraph 12 of the previous declaration, namely 
that prior to the release of the VASER system incorporating the PFMS, I was not aware of any 
device that could deliver fluid with the necessary speed and accuracy for filling breast implants 
or sizers, 

6. In paragraphs 13-15 of the previous declaration, I summarized the two common 
systems and methods that were available for delivery of fluid to fill breast implants or sizers, 
namely the use of prefuled syringes and the use of a pressure collar with intravenous (IV) bags. 

I also described some deficiencies of the two common systems, which made them inadequate for 
delivering fluid rapidly and accurately, 

. 7. Exhibit A of this Second Supplemental Declaration is an article, Gerald Bernstein, 
"Instrumentation for Liposuction," Dermatohgic Clinics, vol. 17 (October 1999) p. 735, which 
describes the two systems that I mentioned in the previous declaration. Exhibit A describes 
some of the deficiencies in each of these methods and systems. Although Exhibit A focuses on 
use of these methods and systems in lipoplasty procedures, the deficiencies are equally 
applicable to filling of breast implants and sizers. Exhibit A does not disclose all of the 
deficiencies in the prior systems and methods, but the deficiencies pointed out in Exhibit A 
support my statements from the previous declaration indicating that the systems and methods 
previously available were deficient and did not adequately meet the need of rapidly and 
accurately delivering fluid for filling breast implants or steers, 
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8 . On page 736, Exhibit A describes the use of syringes for delivering fluid As I 
stated in paragraph 14 of the previous declaration, syringes delivered fluid too slowly, which 
prolonged procedures. In paragraph 19 of the previous declaration, I also stated that prolonging 
a procedure could lead to surgeon fatigue. Exhibit A states with respect to syringes that "[tjhese 
devices are very effective although they also have the drawback of being slow. Also, frequent 
use of the refillable syringe over large areas may result in repetitive motion injury to the surgeon 

or nurse " Exhibit A, page 736. Exhibit A therefore supports my statements that use of 

refillable syringes did not provide adequate methods or systems for rapidly and accurately 
delivering fluids to fill breast implants, or sizers because of how slow the fluid was delivered and 
the possibility of surgeon fatigue or injury from repetitive motion. 

9. I noted in paragraphs 14-17 of the previous declaration that systems that Utilize 
pressure collars did not provide the necessary accuracy. Exhibit A further describes the use of 
pressure collars and IV bags for delivering fluid to fill breast implants or sizers, Exhibit A refers 
to the systems that use pressure collars and IV bags as "power IV infusors," See Exhibit A, page 
737. Figure 2 in Exhibit A shows an example of one of the power IV inftiser systems, which is 
similar to the device shown and described in Exhibit D of the previous declaration, As can be 
seen from Figure 2 in Exhibit A, the power IV.infuser systems use line markings on the IV bag 
to measure the volume of fluid infiltrated into a patient, which is subject to inaccurate readings 
by a nurse or surgeon. 

1 0. Exhibit A further describes other deficiencies of the power IV infusors including, 
"if the pressure is excessive, the tubing [connecting the IV bag to the infusion needle] may 
separate from the infusion needle and result in a spill. For this reason, IV infusion kits with luer- 
loks are less likely to become disconnected during use," See Exhibit A, page 737. Exhibit A 
recommends use of a handle with an on-off control in order to make the power infuser "less 
messy and more efficient," Spilling infusion fluid can create serious situations beyond being 
messy. Spilled fluid makes it difficult for a nurse or surgeon to determine the volume of fluid 
that has been used to fill a breast implant or sizer. Exhibit A reinforces my statements that use of 
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■ pressure collars and IV bags did not provide an adequate system and method to accurately 
deliver fluids to fill breast implants or Si2ers, 

1 1 . Exhibit A further describes systems that use peristaltic pumps for delivering fluids 
to fill breast implants or sizers. Figure 3 of Exhibit A illustrates some examples of systems that 
use peristaltic pumps. The systems do not provide features beyond line markings on an IV bag 
for determining the amount of fluid delivered. Line markings do not provide the necessary 
accirracy for determining the volume of fluid used to fill breast implants or sizers. 

12. As I noted in paragraph 1 1 of the previous declaration, accurately monitoring the 
amount of fluid used to fill breast implants or sizers is important, If sizers are used, a surgeon 
must have an accurate reading of the amount of fluid used to fill, the sizer in order to properly 
select the permanent implant. In situations in which fluid is used to fill the permanent implants, 
the amount of fluid used to fill a first implant must be accurately known in order to fill the 
second implant with the same amount of fluid and ensure that the patient has the desired 
symmetrical appearance. The power IV infusers and peristaltic pump systems, in use before the 
availability of Sound Surgical's PFMS, relied on line markings on an IV bag, which are subject 
to inaccurate readings that can have significant consequences such as inserting wrong sized 

... . implants in a patient, or creating an asymmetric look in a patient, • 

13. .1 refer again to my statements in paragraphs 2 1 and 22 of the previous declaration. 
The PFMS provided a device that for the first time enabled aesthetic surgeons to deliver fluids 
both quickly and accurately for filling breast implants or sizers. The prior art devices and 
methods, described in Exhibit A of this Second Supplemental Declaration did not satisfy the 
need for rapidly and accurately delivering fluids to fill breast implants or sizers. Exhibit A 
supports my previous statements indicating the deficiencies in these devices. 

14. I have also briefly reviewed the references that the USPTO has used to reject the 
Claims in the present application during the course of examining the present application. None of 
fire methods or devices described in the cited references satisfies the need that existed before the 
PFMS for rapidly and accurately delivering fluid to fill breast implants or sizers. 
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1 5 , Some of the references previously used to reject the claims of the present 
application describe the use of intravenous (IV) systems that do not deliver fluids rapidly enough 
or with sufficient pressure to fill breast implants or sizers (e.g., U.S. Patent No, 4,670,007 to 
Wheeldon et al.; U.S. Patent No. 5,910,135 to Hadzic et al.; and U.S. Patent No, 4,650,464 to 
Ruiz et al,), These methods and devices are simply not suitable for filling breast implants or 



16. Other references used to reject the claims of the present application (e.g., U.S. 
Patent No, 4,650,462 to DeSatnick et al.; U.S. Patent No. 6,319,221 to Savage et al.; and U.S. 
Patent No. to 5,178,606 to Ognier et al.) describe the use of continuous flow systems that do not 
deliver a desired volume of fluid. Rather, these systems continuously provide fluid to an 
anatomical location. These methods and systems cannot be limited to delivering a desired 
volume: of fluid, because the amount of fluid delivered will change depending on the needs of a 
procedure. Additional fluid may need to be delivered to keep a cavity extended, e.g., a knee or 
uterine cavity, or less fluid may be delivered if the pressure within the anatomical location 
becomes too high, These methods and devices therefore did not satisfy the need for rapidly and 
accurately delivering a desired volume of fluid to fill breast implants or sizers. 

17. I further declare that all statements made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true; and further that 
these statements ar oh e made with knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment or both, under § 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the instant application 
or any patent issued thereupon. 



sizers, 





5 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In Re the Application of: William W. Cimino J Group Art Unit: 3763 
Application No. : 1 0/600, 118 ^ Examiner: Laura A. Bouchelle 

Filed: June 20, 2003 } Confirmation No.: 9143 

Arty. File No.: 6613-19 (previously 
40206.0019US01) 

For: PRECISION FLUID DELIVERY SYSTEM AND METHOD FOR SURGICAL 
PROCEDURES 

SECOND SUPPLEMENTAL DECLARATION UNDER 37 C.F.R. $ 1.132 
BY DR. MARK L. JEWELL. M.D. 



EXHIBIT A 



Article: Gerald Bernstein, "Instrumentation for Liposuction," Dermatologic Clinics, vol. 

(October 1999) 



LIPOSUCTION 



0733-8635/99 $8.00 + ,00 



INSTRUMENTATION FOR 
LIPOSUCTION 



Gerald Bernstein, MD 



Since the introduction of liposuction into 
the United States in 1982, instrumentation for 
this procedure has undergone many signifi- 
cant changes. Great innovation and creativity 
have brought new and increasingly efficient 
instruments to the liposuction surgeon. Many 
of the improvements in both the safety and 
effectiveness of liposuction have been a result 
of the introduction of new instrumentation. 
Indeed one of the key factors in the develop- 
ment of liposuction as a viable procedure was 
the change in instrumentation from the sharp 
to the blunt cannula. Further developments, 
most notably the advent of the tumescent 
technique, developed by Dr. Jeffrey Klein in 
1985, radically modified liposuction and fur- 
ther spurred the development of new innova- 
tive instrumentation to meet the demand. 13 

In addition to instrumentation directly 
used for liposuction, other instruments and 
equipment of a more ancillary or supportive 
nature are needed as well. This includes those 
necessary to increase patient safety, monitor- 
ing equipment, equipment to clean and steril- 
ize the instruments, and products for postop- 
erative care. 

INSTRUMENTATION AND 
EQUIPMENT FOR INFUSING THE 
TUMESCENT SOLUTION 

The tumescent solution, as originally devel- 
oped by Dr. Jeffrey A. Klein, consisted of a 



solution of saline containing lidocaine (0.05% 
to 0.1%), adrenalin (1:1,000,000), and 12.5 mE 
of sodium bicarbonate to reduce stinging. 13 ' 14 
This solution has been modified by some who 
add triamcinolone, 10 mg/L. In addition, 
many liposuction surgeons have replaced sa- 
line with Ringer's lactate, which changes the 
pH and obviates the need for sodium bicar- 
bonate, It has been repeatedly shown that the 
infusion of this solution into the subcutane- 
ous fatty layer will induce local anesthesia, 
and vasoconstriction, which allow the proce- 
dure to be undertaken without additional 
general anesthesia and with greatly enhanced 
safety. 8 - 13 ' 14 ' 18 Intraoperative and postopera- 
tive bleeding, which .originally imposed seri- 
ous limitations on the amount of fat that 
could be extracted, have been largely con- 
trolled by use of this solution. Limits to the 
amounts'' of lidocaine that can be safely in-' 
fused- have been discussed elsewhere, Al- 
though there is considerable discussion about 
the actual safe limits of lidocaine, 55 mg/kg, 
appears to be generally accepted as safe for 
most healthy patients. 20 Dr. Klein has sug- 
gested potential problems resulting from 
drug interactions with lidocaine and other 
substances, primarily selective seratordn re- 
uptake inhibitors (SSRI) such as sertraline 
(Zoloft), which are metabolized by the liver, 
microsomal p450 3A4 (CYP3A4) enzyme sys- 
tem. 15 However, the actual potential for seri- 
ous interactions with individuals who have 
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normal liver function is yet to be demon- 
strated. The total volume of infused saline 
may also be a factor affecting the patient's 
safety and would depend on the patient's 
kidney, cardiac function, and blood pressure. 

WARMING OF THE TUMESCENT 
SOLUTION 

Many physicians will warm the tumescent 
solution prior to instillation into the subcuta- 
neous space. Warmed saline probably pro- 
duces less discomfort to the patient than the 
cool solution. In addition, because of the large 
volume of saline that is often infused, cool 
saline has the potential to lower the core tem- 
perature. This has been shown to increase the 
risk of morbid cardiac events and. increase 
the potential for infection. Compromise of the 
clotting function and prolonged healing have 
been described as well. 6 ' 12 ' 22 Many physicians 
manage these problems by the use of warmed 
solutions. The solutions can be warmed either 
in a water bath made for this purpose or 
in microwave ovens. If the solution is to be- 
warmed in a microwave oven, the physician 
must identify the exact duration that the IV 
bags can be safely placed in the microwave. 
As microwave ovens have different energy 
levels, an exposure that will safely warm an 
IV bag in one microwave oven may bring the 
temperature to an unacceptably high level in 
another. Whichever mechanism is used to 
warm the IV bags, it is critical that the tem- 
perature be carefully monitored to ensure that 
excessively hot tumescent solution is not be- 
ing infused into the patient. 



INSTRUMENTATION AND 
EQUIPMENT FOR INFUSION OF THE 
TUMESCENT SOLUTION 

. There are a variety of techniques and de- 
vices for effectively infusing the tumescent 
solution into the subcutaneous space. 9 Many 
of these devices are available commercially. 
The most simple technique is to use a 60-mL 
syringe attached to an infusion needle. The 
syringe is emptied individually and refilled 
by the nurse. Although simple and effective, 
this is a very inefficient technique. It can pro- 
long the procedure and may lead to incom- 
plete infiltration, especially when applied^ to 
a large surface area. It is, however, effective 
for liposuction touch-ups or treatment of very 
small, areas. In addition, it can be used to 
harvest smail amounts of fat for lipoinjection 
or for treatment of small lipomas. 

A refinement of the simple syringe tech- 
nique is the use of a syringe with a two-way 
stopcock. This will allow rapid refilling of 
the' syringe from an IV bag. Several effective 
devices have been developed including many 
with spring-driven syringes to allow rapid 
refilling of the syringe after it has been emp- 
tied (Fig. 1). Many other reusable and resteri- 
lizible syringe-stopcock combinations have 
been developed that will more rapidly infuse 
solution. These devices are very effective al- 
though they also have the drawback of being 
slow. Also, frequent use of a'refillable syringe 
oyer large areas may result in repetitive mo- 
tion injury to the surgeon or nurse; however, 
these devices can be very useful for treatment 
of small areas such as the neck or knees, 




Figure 1. Spring-driven syringe with two-way stopcock (McGhan 
Medical Corp., Santa Barbara, CA). Plastic hose connects to IV bag 
containing tumescent solution. Allows rapid infusion of tumescent so- 
lution. 
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Figure 2. Intravenous (IV) power infusion device fits over 
the IV bag. Gauge indicates degree . of pressure and 
mechanical switch on handle controls flow of tumescent 
solution. 



touch-ups, or areas anesthetized to harvest fat 
for lipoinjection. 

Power IV infusors (Byron Medical, Tucson, 
AZ) can be used to rapidly inject tumescent 
solution for liposuction patients (Fig. 2). This 
is an inexpensive way to rapidly infuse large 
volumes of tumescent solution. These devices 
usually cost less than $50.00. They fit over an 
TV bag and are inflated with a bulb pump 
similar to a sphygmomanometer. Indicators 
are usually provided to demonstrate an opti- 
mal and safe amount of pressure to infuse 
the solution. The TV bag is connected to the 
infusion needle with ordinary IV tubing; 
however, if the pressure is excessive, the tub- 
ing may separate from the infusion needle 
and result in a spill. For this reason, IV infu- 
sion kits with luer-loks are less likely to be- 
come disconnected during use. In addition, 
to more effectively use this approach, a han- 
dle with an on/ off control , should be present 
at the fingertips of the operator to easily turn 
the flow of solution on or off (see Fig. 2). 
Several such devices exist, such as the Huns- 
tad Handle. This- is a small handle that con- 
nects to the tubing on one side and the infu- 



sion needle on the other side. There is a 
simple thumb valve that is depressed to initi- 
ate the flow. This device will make the power 
infusor much less messy and more efficient. 

The most efficient and effective way to in- 
filtrate the tumescent solution is with a peri- 
staltic pump (Fig. 3). Several varieties of vari- 
able-speed peristaltic pumps are available. 
Some use modified IV tubing whereas others 
use resterilizable silicon tubing. The tubing is 
connected directly to the IV bag, threaded 
through the power pump, and then connected 
directly to the infusing needle either with or 
without an intervening handle. Most pumps 
have variable speeds ranging from zero to 
over 400 to 600 mL/irtin. The most efficient 
pumps have two foot pedals so that one can 
be placed on each side of the operating table. 
In this manner, the operator can easily move 
from one side of the table to the other to 
access different parts of the body and make 
the infusion process more rapid. Otherwise, 
it is necessary to use either a hand switch, 
which is awkward and may compromise ster- 
ile technique, or a foot pedal, which has to 
be moved to each side of the table as the 
operator moves. 

The limiting factor on the rate of flow of 
the tumescent solution is the size of the tub- 
ing and, most importantly, the size of the 
needle. A peristaltic infusion pump rated at 
400 mL/rnin will only be able to deliver ap- 
proximatelv 75 mL/min through an 18-gauge 
needle. A 'l5-gauge multiport needle, "gar- 
den-spray type", will accommodate up to 200 
mL or more per minute. Also, the greater 
the diameter of the infusion tubing, the more 
rapidly the tumescent solution can be in- 
fused. Several infusion pumps have dual 
heads, allowing two operators to infuse the 
same patient simultaneously. This, however, 
must be done without the one operator in- 
terfering with the activities of the other. Some 
pumps actually have dual variable-speed 
pumps in the same device allowing for cus- 
tomization of the infusion process. 



INFUSION NEEDLES 

Tumescent solution can be instilled with a 
variety of needles. Klein recommends starting 
the infusion very slowly with a 25-gauge spi- 
nal needle Geffrey A. Klein, MD, personal 
communication, 1996). After a low level of 
anesthesia has been achieved, the size of the 
infusion needle is increased ultimately to 18 
gauge. Other physicians will start with larger 
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needles, such as 18- or even 15-gauge 
multiport needles. The latter usually have 4 
to 10 ports, which are situated on the last two 
inches of the cannula. The latter allow a much 
more rapid rate of infusion. Blunt tips tend 
to reduce the amount of discomfort and many 
patients will receive tumescent solution 
through a blunt-tipped multiport 15-gauge 
needle with little or no discomfort. 

When patients experience pain, reducing 
the rate of infusion will often bring about 
immediate relief of the discomfort. After a 
small amount of solution has been instilled 
and anesthesia has been initiated, the infusion 
rate can be increased without further discom- 
fort. Many operators will start by msmling 
deeply and then at a progressively higher 
level until the superficial plane has been anes- 
thetized, therefore achieving firm tumescence. 



LIPOSUCTION ASPIRATION 
EQUIPMENT 

Liposuction is generally performed by two 
methods: the syringe method and the power 
pump method. The syringe method is enthu- 
siastically supported by many liposuction 
surgeons. 7 - 23 With the syringe method, the 
vacuum for liposuction is generated by with- 
drawing the plunger of a syringe while the 
cannula is in the place. Several locks exist 
that will hold the syringe out and maintain 
the negative pressure during . the procedure 
(Fig. 4). When the syringe (usually a 60-mL 



syringe) is filled, it is withdrawn from the 
patient and handed to an assistant, who will 
empty the syringe while the physician contin- 
ues the procedure with a second syringe. By 
trading off between the physician and the 
assistant, the procedure can move along quite 
rapidly. Most physicians who use the syringe 
method insist that their rate of aspiration is as 
rapid as aspiration conducted with a machine 
pump. A variety of cannulas have been made 
that fit over Toomey-type syringes. Cannulas 
also' exist that will fit catheter syringes. The 
latter are somewhat less expensive than the 
Toomey. Also many cannulas have luer-loks 
and will fit on any standard syringe, which 
can then be used to aspirate the fat. In the 
latter instance, however, it is noted that the 
opening is relatively small. This will slow 
down the transfer process, as the fat often has 
to go from a larger-diameter cannula through 
the smaller diameter of the opening of the sy- 
ringe. 

Although there is diversity of opinion as to 
which is the preferable technique, syringe or 
machine-generated vacuum, most surgeons 
performing Hpoinjectipn will harvest fat di- 
rectly into a sterile syringe rather than with a 
pump. Although both syringe and mechani- 
cal aspiration methods achieve the same vac- 
uum (i.e., 29 inches of Hg at sea level) the 
syringe is felt to be less traumatic to the fat 
cells. It is much easier, however, to maintain 
the fat in a sterile environment using the sy- 
ringe technique. Also, a ;; recent article: has 
demonstrated viability of human lipocytes 
after the syringe method harvest. 12 




Figure 4. Liposuction cannula attached to a 60 mL Toomey type syringe. Vacuum is gener- 
ated by withdrawing the plunger while the cannula is in the subcutaneous fatty space, A 
lock, which fits over the flange of the syringe, holds the plunger in place maintaining the 
negative pressure. 
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MECHANICAL ASPIRATION PUMPS 

There are a variety of pumps made by sev- 
eral manufacturers of liposuction equipment 
(Fie; 5) Most pumps are either vane or pis- 
ton-driven. The latter are more powerful but 
tend to be noisier. This may be a significant 
consideration when one is performing lipo- 
suction for several hours, as a high noise level 
can create tension and increase the level of 
stress during the procedure. Most machines 
will venerate one atmosphere of negative 
• pressure - 29 inches of Hg, relatively rapidly. 
Of course, at higher altitudes the level of neg- 
ative pressure is reduced, hi Colorado, for 
example, 23 to 24 inches of negative pressure 
is the maximum level of negative pressure 
that can be achieved. A recent article has sug- 
gested that more fat can be efficiently re- 
moved at 20 inches of Hg. s Also, many lipo- 
suction surgeons like to reduce the pressure 
while doing liposuction of the face, neck, and 
submental area. Some of the higher-quality 
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machines have the capability of varying the 
pressure. 



PREOPERATIVE AND 
INTRAOPERATIVE ULTRASONIC 
LIPOSUCTION 

Ultrasound has been used in liposuction 
both internally and externally. Internal, ultra- 
sonic-assisted liposuction uses cannulas that 
oscillate at approximately 15,000 to 30,000 Hz, 
The lipocytes are imploded, which liquefies 
the fat. This modality is adequately discussed 
elsewhere (see the article by Lawrence and 
Coleman in this issue) and will not be re- 
viewed in this article. 2 - 16 ' 24 ' 25 

The application of external ultrasound has 
been advocated as well. This technique uses 
ultrasound in the 1 MHz frequency at 2 to 3 
W/CM 2 applied to the skin overlying the ar- 
eas to be treated, after instilbng the tumescent 
solution but before performing the actual h- 




P,r,„rP 5 Fxamoles of electric-powered liposuction aspirators. A, This respirator features a rigid 

^expensive. The collection canister featured in B has a soft plastic bag placed in an external ng,d 
canister (Byron Medical, Tucson, AZ). 



P ;tn 
aspxiati 
fashion 
ing mac 
the artit 
not be < 



COLLE 
FILTEF 



Mod. 
of glas 
glass c 
tively : 
when t 
their u; 
much '. 
emptie 
less o: 
where 
entire ■: 
the col" 
tied th 
Plas: 
soft. T ■ 
3-L gr 
clear 7 
, ma 

allowi 
nectec 
have : 
vents 
pirate 
aspire 
Most : 
tor px. 
The r. 
crack 
sure : 
Th; 
tion ; 
set ir 
conta 
collec 
to re: 
uum 
the t 
of th 
deve" 
will' 
mus: 
peck 
tors, 
avail 
• . \ se 
' , J hi 



INSTRUMENTATION FOR LIPOSUCTION 741 



posuction surgery. In this instance, the actual 
aspiration is performed in the conventional 
fashion with hollow cannulas and an aspirat- 
ing machine. This subject is also discussed in. 
the article by Lawrence and Coleman and will 
not be further reviewed in this article. 3 ' 10 



COLLECTION DEVICES AND 
FILTERS 

Modern collection devices are either made 
of glass or plastic materials. The graduated 
glass collection devices are becoming rela- 
tively scarce and are often hard to replace 
when broken. Their fragility somewhat limits 
their usefulness and, in fact, they are probably 
much less efficient because they have to be 
emptied and cleaned after each use. This is 
less of a problem in small-volume cases, 
where one glass jar will be adequate for an 
entire case, than in large volume cases, where 
the collection jars have to be frequently emp- 
tied throughout the course of a procedure. 

Plastic collection devices are either rigid or 
soft. The rigid canisters can be 1-, 2-, or even 
3-L graduated containers that are made of 
clear plastic (see Fig. 5A). This allows easy 
estimation of the aspirated volumes of fat 
and fluid. They generally have multiple ports, 
allowing various sizes of tubing to be con- 
nected. Some of the better-quality products 
have an internal shut-off device, which pre- 
vents overflow. If overflowing liquids are as- 
pirated into the machinery of the pump, the 
aspirator will be ruined and require servicing. 
Most manufacturers will not warranty aspira- 
tor pumps that have been damaged by fluid. 
The rigid plastic containers will occasionally 
crack, allowing in air, lowering vacuum pres- 
sure and requiring replacement, 

There is some variation in the soft collec- 
tion devices or bags. To be effective they are 
set in a rigid, clear-plastic, graduated outer 
container (see Fig. 5B). In order to keep the 
collection bags expanded (and therefore able 
to receive the aspirated fat), some of the vac- 
uum must be diverted into the space between 
the bag and the outer canister. The weakness 
of this collection system is that if air leaks 
develop in the rigid column, the internal liner 
will collapse and the liposuction procedure 
must stop. Unfortunately cracks do occur/es- 
pecially around the metal or plastic connec- 
tors. If a standby rigid outer column is not 
available, one would have to find some way 
to seal the leak or else the operation will have 
to be halted. 



There are two types of aspiration hoses: the 
stiff clear-plastic hoses and the soft, some- 
what thinner hoses. The rigidity of the clear- 
plastic hoses make them clumsy and adds 
. weight to the procedure. Many physicians 
prefer the thinner, softer hoses, which are 
equally efficient and effective in moving the 
fat from the cannula into the collection sys- 
tem. Because they are soft they cause less 
drag on the operator's hand. The weight and 
stiffness of the thicker clear-plastic hoses will 
often require a surgeon to have a standby 
nurse doing nothing more than supporting 
the hose during the procedure. The hoses 
used in liposuction cannot be resterilized. 
They become stiff, opaque, and fragile in an . 
autoclave. Therefore, they must be discarded 
after each use. 



CANNULAS 

Liposuction sparked the development of 
many new cannulas, which were invented 
both by liposuction surgeons and innovative 
manufacturers. Originally many curved 
forms were available; however, most modern 
liposuction cannulas are now straight. The' 
cannulas themselves are made of stainless 
steel, but the handles can be either stainless 
steel, aluminum, deldrin, or even brass. The 
latter are quite heavy. When liposuction first 
appeared in the United States, standard can- 
nulas were up to 10 mm in diameter or even 
larger. Fifteen millimeter cannulas were used 
as well. Now, cannulas tend to be small; the 
more common cannulas used by dermato- 
logic and other surgeons are 2- to 4-mm in 
diameter. Dr. Klein developed cannulas that 
were measured in gauge rather than millime- 
ters. The gauge equivalents are indicated in 
Table 1. 

The chief factors involved in selecting a 
cannula are the tip configuration, the diame- 
ter, and the length and shape of the handle. 
The handles should be of a size that is com- 
fortable for the operator. Because liposuction 
cannulas must be gripped continuously for 



Table 1. GAUGE-MILLIMETER EQUIVALENTS 



Gauge 


Equivalent 


8 gauge 


= 4.2 mm 


10 gauge = 


=■ 3.4 mm 


12 gauge 


2.S mm 


14 gauge 


2.2 mm 
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many hours at a time, an ill-fitted handle can 
result in repetitive motion injury. Therefore, 
one should carefully select cannulas that com- 
fortably fit the hand. >± _ ,, . , A ^ a 
The length of the cannula itself should be 
adequate to reach all parts of the treated area. 
Longer cannulas may be somewhat less con- 
trollable than shorter cannulas. The use of 
very long cannulas, especially in the hands of 
inexperienced surgeons, can sometimes lead 
to the cannula being accidentally misdirected 
during the procedure. This is especially true 
when encountering areas that are more h- 
brotic than surrounding areas, as m old surgi- 
cal scars and in areas that are being treated 
after prior liposuction. The use of the shortest 
possible cannula to perform the job is encour- 
aged, especially in the hands of inexperienced 
surgeons or when using very thin cannulas. 

The handles of virtually all liposuction can- 
nulas have a depression or dimple where the 
thumb should be placed (Fig. 6). This dimple 
indicates the up position and, when ones 
thumb is place, the openings can be expected 
to be exactly 180° away and therefore always 
pointing in the "downward" [correct] direc- 
tion. The dominant direction of the -ports of 
most cannulas is downward. However, some 
cannulas, such as the radial triport, have two 
openings that are angled 60° from the up. 
position. Therefore, there is potential for 
trauma to the dermis and dermal blood ves- 
sels- if these cannulas are used in a very super- 
ficial plane. This may be a theoretical consid- 
eration as no significant ill effects to the 
dermis have been specifically attributed to 
the use of radial triport or similar cannulas. 
Some surgeons prefer a small hole in the de- 
pression of the handle, which allows them to 
control the vacuum with their thumb. 




Fiqure 6. Cannula with typical dimple in the handle for 
placement of the thumb. This depression Indicates the up 
position for the cannula. 



The tips of cannulas generally come in one 
of three shapes: bullet, spatula, or rounded 
{Fig 7) For most hposuction the use of bullet 
and spatula cannulas is encouraged because 
of the reduced friction and therefore greater 
ease of use. , , 

The actual number, pattern, and size of the 
openings or ports in the cannulas greatly de- 
termine their relative aggressiveness. Al- 
though many tip configurations have been 
developed since liposuction was tast intro- 
duced, there are a dozen or so cannulas tnat 
have survived to the present because of their 
usefulness and effectiveness. I categorize can- ■ 
nula port configurations as bemg conserva- 
tive, moderately aggressive, and very aggres- 
sive Note that there is no uniformity in the 
size or shapes of the ports of cannulas made 
by different manufacturers. Therefore, similar 
cannulas made by different manufacturers 
will differ in the degree of aggressiveness 
(Fig 8). Also, cannulas are now available that 
are coated with polytetrafluoroethylene, 
which can reduce resistance during liposuc- 
tion (Fig. 9). This is especially useful when 
operating in fibrous' areas such as love han- 
dles and gynecomastia. 

Conservative cannulas will have one or two 
openings. The openings are usually some- 
what set back from the actual tip. The ports 
on the conservative cannulas may be some- 
what small. Single- or dual-port standard or 
spatula cannulas are examples of conserva- 
tive cannulas (see Fig. 8). _ 

Moderately aggressive cannulas include 
some larger dual-port cannulas sucn as the 
Texas cannula. Cannulas with ports at the 
very tip tend to. collect fibrous tissue during 
the procedure. They have to be cleared regu- 
larly throughout the procedure. Examples in- 
clude dual-port standard and spatula cannu- 
las with larger openings, two-port Elrrronator 
openings, Texas cannula, the Fourmer and 
. the two-port standard cannula (see ^g- 

More aggressive cannulas include tire Cobra 
and Pinto cannulas, which have two openings 
at the hp and one below. Others, such as the 
Becker and Eliminator cannulas, are also con- 
sidered rapid harvesters of fat (see Fig. 7). 

Most liposuction surgeons will settle on a 
relatively small number of cannulas with 
1 which they have experience and are comfort- 
able. One is encouraged to have a number of 
"favorite" cannulas in various diameters ana 
length. Occasionally cannulas become con- 
taminated during surgery. Not having an- 
other sterile cannula on hand will require the 
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Basic Tip Configurations 



BLUNT BULLET SPATULA 

Figure 7. Examples of basic liposuction cannula tip configurations. 




LEAST AGGRESSIVE 



Spatula 



Tip Styles 



MODERATELY AGGRESSIVE 



Dual Port Spatula 



Eliminator 




Texas 



Fournier 



MOST AGGRESSIVE 



Keel Cobra 



Mercedes 



Pirrto 



Toledo 



2 Port Standard 



Figure 8. Comparison of identical tri-port cannulas made by different manufacturers. Note the 
difference in the size of the ports. The larger one Is expected to be a more aggressive cannula than 
the smaller. 
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Figure 9. A, Example of 



PTFE cannula of a tri-port (Eliminator) type design. B. close-up view. 



procedure to cease while the cannula is being 
cleaned and resterilized. 



CLEANING CANNULAS 

Of course cannulas used for liposuction 
must be adequately cleaned and sterilized 
after each use. Adequate cleaning includes 
. irrigation of the .cannula with a syringe or 
other pressure device and use of a brush to 
remove particulate matter from the cannula. 
To effectively remove all debris, however, the 
use of an ultrasonic cleaner is urged. Cleaners 
are available in adequate lengths to accom- 
modate most liposuction cannulas. After the 
cannulas have been removed from the ultra- 
sonic cleaner they are again rinsed, dried, and 
sterilized in an autoclave. A large autoclave 
will be necessary to accommodate the' length 
of liposuction cannulas. 

THE STERILE OPERATING THEATER 

Ideally, the operating room for liposuction 
should be large enough for the operating ta- 



ble to be placed in the center of the room. 
The surgeon can then approach the patient 
from all directions. As most surgeons are not 
ambidextrous, it is important to be able to 
approach the patient from the right or left 
side to adequately access all fatty, deposits. A 
table with an electric motor or pneumatic 
pump will allow the surgeon to change the 
level of the table. during the procedure, mis 
will be more convenient and comfortable for 
the surgeon and there will be less strain to 
the back, shoulders, and arms. Comfortable 
access to all fatty deposits can be expected to 
provide a better and even cosmetic result. In 
addition, there should be adequate ventila- 
tion and facilities for heat because patients 
often become cold during the course of the 
procedure. There should also be adequate 
room for the machinery, equipment, and sup- 
porting Mayo stands, etc., which are used 
during the procedure while still allowing 
ample room for the surgeon and staff to per- 
form their tasks. 

Liposuction has been demonstrated to be 
an extremely safe procedure. 9 Nonetheless, 
the maintenance of a sterile environment is 
elementary. Sterile gowns, adequately sterile 
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draped tables, instrument trays, and other 
equipment may be necessary to maintain an 
aseptic operating field. Several sterile "basic" 
packs are available at low cost and can cover 
all operating and instrument surfaces with 
waterproof or water-resistant disposable fab- 
rics (Fig. 10). These are available with sterile 
gowns for the physician as well. Not only do 
they transform the operatory into a credible 
operating room, they also go far to ensuring 
a safer, sterile environment for the patient 
and a more favorable outcome. 



MONITORING 

It is considered appropriate by many sur- 
geons to monitor all but the simplest liposuc- 
tion procedures. Monitoring usually includes 
blood pressure, pulse, oxygen saturation, and 
echocardiogram. Some surgeons measure 
body temperature as well. Many devices are 
available to perform these monitoring func- 
tions. The monitors can either be separate or 
combined in a single computerized monitor 
(Fig. 11). The latter are more efficient and save 




Figure 10. A, Operating table is placed in center of large operating room. Allows easy access to 
patient from all sides. 8, Operating table covered with sterile waterproof cover. All operating 
surfaces covered with sterile drapes. 
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Figure 11. Multiple monitor appropriate for liposuction measures blood 
pressure, pulse, oxygen saturation, and echocardiogram. Body tempera- 
ture monitor available as well. 



space. Although many surgeons do not feel 
the need to regularly monitor healthy low- 
risk patients, the capability to do so should 
be available in case of an emergency. 

ANCILLARY EQUIPMENT 

In addition to the previously mentioned in- 
struments and equipment there are a variety 
of other instruments that should be considered 
to be useful and important in liposuction sur- 
gery. Because of the length of the procedure 
and the exposure of large surface areas of pa- 



tient's skin, many surgeons prefer to have 
warming devices for their patients. As men- 
tioned earlier, there is evidence that prolonged 
chilling stresses the heart and raises the. risk 
of infection. 6 ' 17 Impaired clotting function and 
prolonged healing from mild hypothermia 
have been reported as well. 22 The use of elec- 
tric heating pads is discouraged because of the 
possibility of burns or electrical shorts. The 
POPP* bed warmer circulates warm distilled 

"The POPP bed warmer was named after Dr. Jeffrey 
Popp, Omaha, Nebraska, who discovered this unit and 
recommended it's use. It is manufactured by Gaymar 
Co., Buffalo, NY. 




Fiaure 12 Bed warmer circulates warm water through rubberized blanket placed 
beneath the patient to maintain patient comfort and avoid lowering of body tempera- 
ture. 
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Figure 13. A, View of patient's leg on wedge demonstrating position during liposuction. 
B, Using this device, one can reduce the likelihood of forming a depression in the post- 
troohanteric space, as shown here. 



water through a rubberized mat placed be- 
neath the patient (Fig. 12). As the heating de- 
vice is separated from the patient, there is no 
danger of electrical accidents. In addition, the 
upper limit to the temperature is 105°F, so 
there is no possibility of burning the patient. 
Most patients find this extremely comfortable, 
especially during long procedures. Hie heating 
pad is appropriately placed beneath the sterile 
waterproof table covers, 

Another device, the leg wedge, is used to 
elevate the thigh during liposuction of the 
trochanteric or saddlebag area. When prop- 
erly used, the foot extends beyond the wedge 



and is pointed downward, rotating the tro- 
chanter forward. This allows liposuction in 
an area of posttrochanteric depression that, if 
over-resected, will create a permanent inden- 
tation. The device usually has a smaller pad 
on which to rest the upper knee when per- 
forming liposuction of the medial thighs with 
the patient in the lateral decubitus position 
(Kg. 13). 

POSTOPERATIVE GARMENTS 

There are a variety of postoperative gar- 
ments that are used for liposuction patients. 
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As many surgeons want their patiente to wear 
the=e garments continuously for at least sev- 
eral days, appropriate openings are provided 
so that they n^ay go to the bathroom without 
removing the garments. The garments are 
generally made with the zippers and snaps 
on the outside to avoid discomfort to the 
patient. Many styles of garments are avail- 
able, which vary slightly in size, shape and 
degree of compressiveness. They are worn for 
as short a period as a few days to as long as 
a month or more. Some patients prefer to 
wear these garments even longer because 
they feel comfortable. 

Some liposuction surgeons prefer the use 
of a compressive tape, which is applied in. a 
herring bone or criss-cross fashion, either 
with or without the supplementary compres- 
sive garments. This too is a matter of profes- 
sional preference. There is no evidence that 
Ms practice provides a better long-term cos- 
metic result. c 

Liposuction of the calves and ankles often 
results in long-lasting edema. 8 - •« In order 
to control postoperative edema, patients are 
advised to use fitted compressive hose, 30 to 



40 mm Hg, which they will wear for pro- 
longed periods. Although some surgeons rec- 
ommend that these compressive stockngs be 
worn continuously, others recommend use ot 
30 to 40 mm Hg during the day, when the 
patient is ambulatory, and to use only 18 mm 
Hg hose at night when the legs are somewhat 
elevated. 19 - 21 



ULTRASOUND 

Postoperative therapeutic ultrasound, usu- 
ally at a frequency of 1 mH, has been used 
effectively to reduce edema, induration, and 
discomfort (Fig. 14). Many patients note sig- 
nificant improvement when this is applied 
during the early postoperative phase. Some 
therapists recommend that ultrasound not be 
used until 2 weeks postoperatively whereas 
others encourage its use in the very early 
postoperative inflammatory stage. It is im- 
portant that nurses and assistants applying 
the ultrasound be acquainted with the proper 
use and especially the risks of ultrasound. 
Many surgeons find that tiltrasound is an m- 




Rqure 14 A, One- and B, three-watt ultrasonic generators that 
cart be used for preoperative or postoperative liposuction. 
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valuable aid to the postoperative care of their 

patients. 1 ' 11 



CONCLUSION 

Modern liposuction has been proven over 
the past two decades to be an extremely safe 
and effective technique for the removal of 
unwanted fatty deposits. Attention to proper 
surgical techniques plus the use of proven 
safe and effective instruments and equip- 
ment, will help ensure that the physician of- 
fers and that the patient receives the finest in 
surgical treatment. It is important that the 
equipment be frequently examined and well- 
maintained. We can look forward to further 
enhancements in instrumentation for this re- 
markable procedure in the coming decades. 
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